Background A wide range of electronic cigarettes (e-cigarettes) are now on the market. We studied e-cigarette awareness and use, determinants and sources of e-cigarettes, the e-liquids used in them and exposure to e-cigarette advertisements among adolescents in Finland. Among smokers, we studied the association of e-cigarette use and interest in smoking cessation. Method Data were obtained from a national survey of 12-18-year-old Finnish adolescents in 2013 (N=3535, response rate 38%). Descriptive statistics and logistic regression analysis were used. Results Of the respondents, 85.3% knew what ecigarettes were; 17.4% had tried them. E-liquids with nicotine were used most often (65.7%); also those who had never tried conventional cigarettes had used them. Of e-cigarette ever users, 8.3% had never tried smoking. Parents' high level of education, being in employment, and intact family protected against children's e-cigarette use. In the final model, daily smoking (OR 41.35; 95% CI 25.2 to 67.8), snus use (2.96; 2.4-4.0), waterpipe use (2.21; 1.6-3.0), children's vocational education (2.06; 1.4-3.1) and poor school performance (1.92; 1.4-3.0) were associated with e-cigarette experimentation. Those smokers with most experience of e-cigarettes were least likely to consider smoking cessation. Conclusions Awareness and experimentation with e-cigarettes are high among adolescents, especially in older age groups and boys. Nicotine e-liquids are easy to acquire for youth. Having similar risk factors, e-cigarette use seems to follow the model of conventional smoking initiation. Among adolescent smokers, use of e-cigarettes does not clearly relate to interest in smoking cessation. Preventive policies are needed to protect the youth.
BACKGROUND
In recent years, the rise of a new tobacco-like product, the electronic cigarette (e-cigarette) or electronic nicotine delivery system (ENDS), 1 has raised concerns. Despite the name, these products do not contain tobacco or necessarily resemble a conventional cigarette, and there are also nonnicotine product lines, sometimes called e-shishas. These products vaporise liquid solution (e-liquid, 'e-juice') composed of propylene glycol and other chemicals, which is then inhaled. 2 E-cigarettes are marketed with claims, so far unproven, of efficacy in smoking cessation. [2] [3] [4] Instead of mimicking the appearance of nicotine replacement therapy (NRT) products, e-cigarettes often use colour coding and flavours familiar from contemporary cigarette packets. 5 Recently, traditional tobacco companies have emerged openly onto the market. Questions have been raised as to whether e-cigarettes are purely a new tactic for renormalising smoking in the context of declining use of conventional cigarettes. 6 The wide variety of e-cigarettes has drawn attention to their potential appeal for young people: the products come in multiple colours, shapes and flavours.
Regarding accessibility to youth, e-cigarettes have different legal status in different countries. Often they fall into a grey area of jurisdiction. 1 In Finland, selling tobacco products to individuals under 18 years old is prohibited, but as e-cigarettes are categorised as tobacco imitations, and e-liquids as substitute tobacco, minors can purchase them. E-cigarettes and e-liquids are treated as medicinal products if they contain nicotine. Products containing over 0.42 g nicotine/product or 10 mg/cartridge are treated as prescription medicines, while products with lower nicotine content are treated as over-the-counter medicines. No e-cigarette company holds a permit for selling nicotine-containing e-liquids in Finland because they have not demonstrated the required safety and efficacy evidence for medicinal products. However, consumers, including adolescents, can acquire nicotine-containing liquids from visits abroad or online cross-border distance sales.
The marketing of e-cigarettes is currently vast. 6 7 Lessons from conventional tobacco show that marketing is a risk factor for smoking initiation. 8 Active marketing efforts take place especially on the internet and social media-popular channels among youth, but challenging to supervising authorities. 9 In Finland, a legislative ban on direct and indirect advertising applies to e-cigarettes, but a point-of-sale display ban covers only tobacco products and their trademarks.
Little is known about the safety and health effects of these products, but the number of studies is growing. E-liquids have been shown to contain small amounts of harmful substances (eg, carcinogenic nitrosamines, toxic diethylene glycol). 10 The quality of e-liquids and electronic appliances has been shown to vary, and stated ingredient lists have not corresponded to actual ingredients. 1 2 11 12 As the business has grown, however, there is some evidence that the quality may have improved. 13 Some short-term negative health effects for the respiratory system have been reported, 14 but long-term effects remain uncertain.
For adolescents, use of nicotine-containing e-liquids constitutes a risk for developing dependence. Nicotine may have a lasting effect on the developing brain, due to its plasticity in adolescence. 15 Based largely on animal studies, adolescents may be expected to experience enhanced short-term positive and reduced aversive effects of nicotine, and fewer negative effects during nicotine withdrawal, compared with adults. 16 This is due to the brain being in a developmental phase, when dopamine-facilitating systems are overdeveloped and inhibitory systems underdeveloped, 16 which can explain why some adolescents show signs of nicotine dependence after brief intermittent use. 17 There are only a few studies on use of e-cigarettes among adolescents. In 2011, 9.4% of South Korean adolescents reported having used e-cigarettes, 4.7% during the past 30 days and 1.4% without previous use of conventional cigarettes. 18 In Poland, 86.4% of students aged 15-24 years had heard about e-cigarettes in 2010-2011, and 23.5% of individuals aged 15-19 years had used e-cigarettes, 8.2% during the previous month. 19 Of never-smoking students, 3.2% had used them. 19 In the USA, the National Youth Tobacco Survey showed that e-cigarette ever use and recent use doubled among middle and high school students during 2011-2012. 20 The increase was strongest among high school students, in whom the ever use of e-cigarettes doubled from 4.7% to 10%. The same study showed that 20.3% of middle school e-cigarette users and 7.2% of high school users had never smoked a conventional cigarette. 20 Another US study showed that the prevalence of using an e-cigarette in the past 30 days more than doubled among high school students over a 16-month period, from 0.9% in 2010 to 2.3% in 2011. 21 E-cigarette use in adolescence is strongly linked to ever or current tobacco smoking [18] [19] [20] [21] and male gender. 18 19 In addition, associations have been found with older age and attempts to quit during the past year. 18 Interest in the product seems to relate to general attitudes towards smoking: non-smokers who have more negative beliefs about the typical smoker were less willing to try e-cigarettes. 22 In general, awareness and use of e-cigarettes has increased rapidly in different parts of the world. 23 In Finland, the awareness of e-cigarettes among adults has been the highest (64%) in the EU, but actual use has remained marginal (current use 2%), including as an aid to smoking cessation (5%). 24 In this study, we publish the first results concerning awareness and use of e-cigarettes and types of e-liquids used among Finnish adolescents aged 12-18 years, based on nationally representative data. To deepen and extend previous findings, we also studied adolescents' sources of e-cigarettes, exposure to e-cigarette advertising, and the association of e-cigarette use with interest in smoking cessation among daily smokers. Furthermore, because e-cigarettes seem to relate strongly to concurrent conventional tobacco smoking in adolescence, we test the hypothesis that e-cigarette use relates to other tobacco use in general and shares similar risk factors to conventional smoking initiation.
METHODS

Sampling and participants
We used 2013 data from the nationwide monitory system on adolescent health and health behaviours, the Adolescent Health and Lifestyle Survey. This is a cross-sectional postal survey, with an option to answer securely online, conducted biennially in Finland since 1977 by the University of Tampere. Nationally representative samples of individuals aged 12, 14, 16 and 18 years were obtained from the national Population Register Centre (http://vrk.fi/default.aspx?site=4). All Finns born on sample days in June, July or August in each age group were selected. This minimised the age variation within age groups.
The Ethics Committee of the Tampere region approved the study protocol: filling in the questionnaire was considered as adolescents' consent to participate. No parental consent was requested.
Self-administered questionnaires in official languages (Finnish/ Swedish) were sent to 9398 adolescents in February, followed by three reminders to non-responders. The number of responders to the questionnaire was 3535 (response rate 38%; including 1405 boys and 2130 girls). A short questionnaire, including the main questions on tobacco, was sent with the third reminder to the non-responders, of whom 623 responded to the short questionnaire; these responses were used for comparison of responders and non-responders.
Study measures
Awareness and use of e-cigarettes was assessed via the questions: Smoking status was divided into three groups: never-smokers (never tried conventional cigarettes), experimenters (tried but did not smoke daily), and daily smokers (reported daily smoking and smoked >50 cigarettes in lifetime). Snus and waterpipe use were dichotomised (tried, not tried). Parents' smoking was asked separately and categorised as neither smokes, only mother smokes, only father smokes, both smoke. Attitude towards conventional cigarette smoking was assessed by posing the statement: 'Smoking is for losers' (which has been used previously in the survey), with the options definitely agree, agree to some extent, difficult to say, slightly disagree, definitely disagree. School type was categorised as comprehensive, general upper secondary, vocational upper secondary, combined general and vocational upper secondary, other schools, not in school.
(The last two categories were combined due to their small sizes.) School performance was based on the respondent's subjective assessment of school performance compared with the class average: 'much or slightly better', 'about class average', and 'slightly or much poorer'. Family structure was dichotomised according to whether the respondent lived with both parents (intact family) or not (other). Parents' education was asked separately and categorised into one variable (highest educational level of either parent): 'high' (over 12 years of education), 'middle' (9-12 years), and 'low' (9 years or less). Father's and mother's work situations were dichotomised: 'working', 'not working', the latter including both unemployed and retired. The proportion of missing answers was small for all variables (0.4-7.9%).
Analysis of non-responders
Boys were underrepresented among the responders (40.6%) compared with the sample (50.7%). For age, adolescents aged 12 years were overrepresented (16.3% vs 13.5%) and those aged 18 years underrepresented (25.7%; 30.4%) while differences were small for those aged 14 years (27.6%; 28.9%) and 16 years (28.5%; 29.2%). The impact of non-response was assessed by comparing those who responded to the full questionnaire (n=3535) with those who responded to the short questionnaire (n=623) which was sent to three-time nonresponders. (It was assumed that this latter group closely represented all non-responders.) E-cigarette use did not differ between the groups (Pearson's χ 2 test, p=0.502), neither did age ( p=0.216), but boys were more likely to be non-responders ( p=0.01). For boys, school type ( p=0.323) and school performance ( p=0.926) did not differ between the groups. Girls studying in vocational upper secondary school were more likely to be classed as non-responders compared with girls in general upper secondary school ( p=0.000), as were those with average or worse school performance ( p=0.001).
Data analysis
Awareness and use of e-cigarettes and e-liquids were cross tabulated with age, sex, tobacco use and socioeconomic background. Age-adjusted and sex-adjusted prevalence was calculated using direct adjustment giving equal weights to each group. For 12-year-old adolescents, only results for use and awareness are presented because their e-cigarette use was rare. Sources of e-cigarettes are presented for those who had used e-cigarettes, and advertisement locations for those who had seen them. Interest in smoking cessation in relation to e-cigarette use was analysed among daily smokers.
Factors associated with ever use of e-cigarettes were analysed using stepwise logistic regression analysis. The analysis was first conducted separately for all independent variables, adjusting for age and sex. All independent variables were then included in a multivariate model. Results are presented as ORs and 95% CIs. The Pearson χ 2 test was used to test for statistical significance. Data were analysed using IBM SPSS Statistics, V.20.
RESULTS
Awareness and use of e-cigarettes
Awareness of e-cigarettes was high: 85.3% of 12-18-year-old adolescents reported knowing what e-cigarettes are. Awareness was lowest among the youngest and highest among the oldest age groups (table 1) . Overall, 17.4% of the respondents had tried e-cigarettes, although most of them (12.6%) had experimented only once or twice. The proportion who had used e-cigarettes more than 20 times was 2.0%. Experimentation with e-cigarettes increased by age for both sexes, and in each age group experimentation was more common among boys.
Content of e-liquids
Use of nicotine e-liquids was common: 65.7% of e-cigarette ever users reported this (table 2) . Every fourth ever user had used only liquids without nicotine, and every tenth person did not know the content of the liquid.
Of those who had used e-cigarettes more than two times, 83.6% had used liquids containing nicotine. Of those who had tried e-cigarettes only once or twice, the proportion was 59.4%. All those who had used e-cigarettes more than 20 times knew what e-liquids they had used: the highest proportion (14.3%) of those who did not know the content of e-liquids was among those who had tried e-cigarettes only once or twice. Of all e-cigarette ever users, 8.3% had never tried tobacco smoking. Of those who used nicotine-containing e-liquids, 2.9% were never smokers (table 2). Of those 8.3% (n=52) of e-cigarette users who had never tried tobacco smoking, 12 had used nicotine-containing e-liquid, 31 had used only liquids without nicotine and 9 did not know what the liquid was.
Sources of e-cigarettes and exposure to e-cigarette advertising E-cigarette ever users were asked about the source of their e-cigarettes (table 3) . Almost 80% reported friends as their primary source, with acquisition from the internet (7.2%) as the second most common source.
During the previous month, 10.5% of respondents had seen e-cigarette advertisements. Of those, 21.8% had seen them on Facebook, 41.4% on other internet pages, 14.7% in shops, 7.4% in magazines or on television, 4.9% in the street and 7.1% elsewhere.
Interest in quitting smoking
Among adolescent daily smokers, 74.1% had considered quitting smoking in the near future. Adolescents aged 14-18 years with more frequent e-cigarette experimentation were less likely to consider quitting smoking (table 4). Among daily smokers who had tried e-cigarettes more than 20 times, 55.3% had considered quitting tobacco smoking; this dropped to 48.6% among heavier smokers (10 or more cigarettes per day). Of those daily smokers who had tried e-cigarettes only once or twice, three out of four had considered quitting.
Factors associated with e-cigarette use
In model 1 (adjusted for age and sex), all tobacco-related and socioeconomic background variables had a significant association with e-cigarette experimentation (table 5). The strongest associations were observed for daily smoking, followed by snus and waterpipe use.
Parents' smoking, exposure to e-cigarette advertisements and having a positive attitude towards conventional smoking were all positively associated with e-cigarette experimentation. Among socioeconomic characteristics, type of school and school performance were more strongly related to e-cigarette use than family structure, parents' education and parents' work situation. High parental education, being in employment and intact family protected against children's e-cigarette use.
In the final model (model 2, table 5), adjusting for all variables, e-cigarette use showed the strongest association with conventional smoking, followed by snus and waterpipe use. Among socioeconomic characteristics, only vocational education and having poor school performance retained a significant association with e-cigarette use.
DISCUSSION
The results of our study demonstrate that awareness and ever use of e-cigarettes are high among adolescents, especially in older age groups and boys. E-cigarettes are also used by those who have never smoked conventional tobacco, although the majority of ever users are daily smokers. E-liquids used by adolescents typically contain nicotine. Friends are the main source of acquisition, followed by the internet. Despite the advertisement ban, every 10th adolescent reported having seen e-cigarette advertisements, mostly on Facebook. Use of other tobacco products, parents' smoking and lower socioeconomic background, and the adolescents' vocational education and poor school performance were associated with ever use of e-cigarettes. Among daily smokers, interest in smoking cessation was least common among those with the highest level of e-cigarette experimentation.
Our study found levels of e-cigarette awareness comparable to a recent Polish study, in which nearly nine out of ten adolescents had heard of e-cigarettes. 19 The proportion of Finnish adolescents who had tried e-cigarettes was comparable to that in Poland, 19 but higher than that reported in Korea and the USA. 18 20 21 Previous studies have reported significant increases in adolescents' e-cigarette use over the short term. 18 20 21 These findings are likely to reflect the rapid growth in product availability and marketing in recent years, 6 7 9 but also different regulatory approaches in these countries.
Our results showing higher use of e-cigarettes in male adolescents, conventional smokers and older age groups are in line with previous studies. 18 19 The finding that those adolescents with positive attitudes towards conventional smoking have higher ever use of e-cigarettes also supports previous results regarding willingness to try e-cigarettes. 22 In addition, the finding that every 12th adolescent among the e-cigarette ever users was a never-smoker corresponds to evidence from the USA.
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E-cigarettes are marketed as a tool for smoking cessation. 2 3 Despite a growing number of studies among adults, only one study from Korea has previously reported associations between e-cigarette use and smoking cessation in adolescence. 18 This study found that e-cigarette use was more common among those with a history of recent quit attempts. 18 Our results suggest a different pattern: e-cigarette use was most common among those tobacco smokers who were least interested in smoking cessation. Further studies are needed to understand the relationship between e-cigarette use and smoking cessation in adolescence. E-liquids containing nicotine are a potential source of nicotine addiction. The use of different types of e-liquids among adolescents has not been previously reported. In our study, most adolescent users of e-cigarettes used e-liquids containing nicotine. A small proportion of nicotine e-liquid users had never tried conventional cigarettes. The possibility of developing nicotine addiction through e-cigarettes cannot be excluded. Further, users may also be exposed to toxic levels of nicotine when refilling cartridges or misusing e-liquids. 2 Substances other than nicotine could be used, thus delivering drugs with a new device. 25 Since the majority of e-cigarette users were current daily smokers, concurrent use seems likely to lead to higher nicotine consumption. Dual use is an important topic for further research.
Our results show that adolescents can easily obtain nicotine and non-nicotine e-liquids, despite the prohibition of nicotine e-liquid sales inside Finland. This indicates that more attention should be paid to cross-border distance sales. The main source for e-cigarettes is friends, which may mean purchasing on behalf of friends or sharing. This has not been reported previously. Social sources, particularly friends, are also known to be the most common source for conventional cigarettes. 26 Despite the Finnish ban on advertising, every 10th adolescent had seen e-cigarette advertisements, mostly on the internet. Several e-cigarette companies have relocated their place of business outside Finland, where they continue advertising to Finnish consumers. Facebook was the only social media website that adolescents mentioned. Advertisements on Facebook can be versatile, ranging from paid commercials to informal groups promoting a specific brand. Interestingly, ever use of e-cigarettes was most common among those who reported seeing an e-cigarette advertisement.
Adolescents' knowledge of e-cigarettes can be partly based on marketing messages, which can be misleading. 3 These results confirm our hypotheses that e-cigarette use is related to tobacco use, with associated factors resembling those of conventional smoking initiation. E-cigarette use was associated with familial socioeconomic disadvantage, vocational school career and poor school performance, which are also risk factors for conventional tobacco smoking. 27 The meaning of e-cigarettes in adolescents' everyday life may be similar to that of conventional cigarette use since they share similar features. The similarity with patterns of waterpipe and snus use (the first a newcomer, and the second a product with sales prohibition in Finland) suggest that e-cigarettes may appeal to adolescents with novelty-seeking or sensation-seeking characteristics. Another interpretation could be that e-cigarettes appeal to adolescents in the process of forming a smoker identity, a known risk factor for smoking escalation. 28 Some limitations of our study should be noted. Our data are cross sectional, allowing no causal conclusions. The brief measures of our key constructs may be seen as a limitation since our measures do not capture frequent use of e-cigarettes-only ever use and total episodes of experimentation. Our results are based on adolescents' self-reports, and we cannot know how accurately they answered questions concerning this new phenomenon. The low response rate may compromise the generalisability of the study, although the Finnish arm of the Global Youth Tobacco Survey (conducted a few months earlier among 13-15-year-old adolescents) showed similar age-specific and sex-specific prevalence of e-cigarette use. 29 Furthermore, our comparison of responders and non-responders found no meaningful difference in use of e-cigarettes. CONCLUSIONS E-cigarette experimentation in adolescence is linked with conventional cigarette use, positive attitudes towards smoking, and experimentation with other tobacco products-indicating novelty-seeking behaviour. E-liquids used by adolescents typically contain nicotine. Factors associated with e-cigarette use are similar to those for conventional smoking initiation. Among smokers, e-cigarette use is associated with lower interest in smoking cessation; never smokers are also shown to use e-cigarettes. These findings challenge claims that the product's sole function is as an adult-oriented smoking cessation or harm reduction tool. Further research is needed to understand adolescents' e-cigarette use in different parts of the world. It will be important to monitor the development of this new phenomenon during the coming years and to develop appropriate policy measures to protect young people from the risks of nicotine addiction. The Framework Convention on Tobacco Control obliges parties to adopt and implement effective measures for preventing and reducing tobacco consumption, and for preventing nicotine addiction. 30 The new European Tobacco Products Directive sets out important steps for EU-level regulation of e-cigarettes and their marketing. Nevertheless, member states retain responsibility for regulating availability of non-nicotine e-cigarettes and e-liquids, flavours, age limits and use of e-cigarettes in smoke-free environments. For youth protection, additional preventive policies should include age limits, regulation of e-liquid flavours, and efforts to reduce cross-border distance sales.
What this paper adds
▸ Awareness and ever use of e-cigarettes appear high among Finnish adolescents, especially in older age groups and boys. E-liquids used in adolescence typically contain nicotine. ▸ Factors associated with e-cigarette use and sources for e-cigarettes appear similar to those for conventional cigarettes among adolescents. ▸ Among adolescent smokers, e-cigarette use was the most common among those who were the least interested in smoking cessation. E-cigarettes, even those containing nicotine e-liquid, are also used by those who have never tried conventional tobacco products. These argue against claims that the product is only an adult-oriented smoking cessation or harm reduction tool.
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